Introduction
We have reviewed a group of topographic systems that were published in the journals in chronological order: 1. Moiré Topography Moiré topography was one of the first methods used for the early detection of scoliosis without radiation. It was first used in 1970 by Takasaki 1 with an initial depth accuracy of 0.2%, size and depth of field of 1.8 × 1.8 × 0.9 m 3 and a camera shutter speed of less than 1/8th of a second. It is composed of light sources, a camera, screen and a desktop computer. This is taken from the concept of Moiré patterning, commonly used in physics and manufacturing.
Integrated Shape Imaging System 1
The ISIS 1 was created in 1986 by Oxford Metrics (Oxford, UK). It is composed of a scanner, special computer console, plotter and a stationary television camera that produces a plane of light down the patients' back, which is then measured by the computer to acquire a three-dimensional (3D) back surface shape and the black markers placed on the patients' back 2 . The accuracy of the central volume of a 350 × 100 mm shape is X = 1.1 ± 0.2 mm, Y = 1.5 ± 0.2 mm, Z = 1.7 ± 0.2 mm; for 450 × 140 × 500 mm shape is X = 1.2, Y = 3.0 mm and Z = 3.5 mm; and accuracy for identifying markers is X = 2 mm, Y = 4 mm and Z = 3 mm 2 . It takes 1.5 s to scan and a few minutes for the computer to process. It generates 1000-2000 3D data points. It was initially described as an optical scanner designed primarily for assessing the shape of the human back.
3. Raster Stereophotography Raster stereophotography was developed by Ian Stokes from the University of Vermont in 1988 as a sort of enhanced form of Moiré topography. The system is composed of an optical raster-stereography unit, stripe projector and video imaging system firmly attached to the projector with motorised height adjustment, a computer and screen for the patients to stand in front of 3 . A square grid is optically projected onto the patient's back and then photographed from an angle 30° above the patient. These images of the projected grid intersection are digitised to obtain the 3D coordinates. . This newly developed raster stereography system is composed of a new software system, handheld light source and hardware, which can be easily transported among clinical rooms. It takes MTS 30 s to finish a scan if operated by an experienced practitioner. It is a novel and fast 3D measurement tool, presenting quantitative information and providing some parameters that X-ray is unable to measure. Another advantage of MTS is that the usage of electro-magnetic sensors on the back helps eliminates the noise caused by the movement of the patient during the acquisition time. A Windows XP®-based software enables the practitioners to easily process the data and save it directly in the patient's database.
The aim of this review is to discuss the experience with the use of surface topographic systems in children with idiopathic scoliosis.
Discussion
The authors have referenced some of their own studies in this review. These referenced studies have been conducted in accordance with the Declaration of Helsinki (1964) and the protocols of these studies have been approved by the relevant ethics committees related to the institution in which they were performed. All human subjects, in these referenced studies, gave informed consent to participate in these studies.
In 1977, Adair et al. 12 conducted a pilot study with Moiré topography to measure and track the progression of scoliosis in children. They found that Moiré topography produced only eight false-negatives compared with 72 from the forward bending test and that positive scoliosis is indicated by asymmetric fringe patterns. Daruwalla et al. 13 determined the accuracy of Moiré topography in detecting the site and size of a spine curve. They found that Moiré topography accurately diagnosed the location of the curve in 54% of the patient population, most accurately in the thoracic region and 100% accurately for kyphosis. They concluded that there were too many falsenegatives, the forward bending test was cheaper and more accurate and that Moiré topography could potentially be used to assist in the detection of minor curves and monitor the progression of curves, but not as a standalone method. Ruggerone et al. 14 and found that Moiré analysis was more reliable than the fringe deviation analysis for assessing the angle curvature ( Figure 1 ). Most recently, Kim et al. 15 attempted to find a way of automatically detecting scoliosis by a computer through Moiré topographic images. They produced a correct classification rate of 88.3% of images: 80% of normal cases and 95% of abnormal cases were correctly recognised.
Weisz et al. 16 demonstrated the usefulness of the ISIS 1 by measuring and assessing scoliosis curve progression. They tracked 56 patients over 2 years and found that ISIS 1 was able to correctly identify curve progression in 84% of the patient group. There was a correlation between Cobb angle and initial lateral asymmetry and ISIS 1 correctly predicted all surgical candidates. A discrepancy was that ISIS 1 found 22 curves to be progressive, while X-rays showed only 15 meaning there were 7 falsepositives. Theologis et al. 17 evaluated the reliability of ISIS 1 in detecting and predicting scoliosis progression as well as determined the role of rib hump size for predicting scoliosis progression. They found that ISIS 1 was a reliable technique for detecting surgical candidates as defined by the Cobb angle. They also found that lateral asymmetry, volumetric asymmetry and hump severity detected the progression of scoliosis at a 6-month follow-up, while Cobb angle detected this only a year and a half into the follow-up. Most recently, Saltikov et al. 18 looked at 48 young normal adults using the ISIS 1 to conclude that normal spines have lateral asymmetries and that straight spines are the exception.
Stokes et al. 3 compared stereoradiography and stereophotography to record 3D spine and back surface shape in 141 patients with scoliosis. They concluded that a high degree of variability exists between spine scoliosis and trunk asymmetry with axial rotation of back surface having the highest correlation of scoliosis deformity to Cobb angle (r 2 = 0.64). Stokes et al. 19 presented another study that analysed Cobb radiography, back-surface photogrammetry and maximum vertebral axial rotation in 35 patients. Their radiographic measurements were a conventional Cobb angle, computer Cobb angle and maximum back-surface rotation, while their stereophotographic measurements were a surface Cobb angle and maximum vertebral axial rotation. They found that their computer Cobb measurement was most precise and back-surface measurements were least precise. There was a positive correlation between changes in vertebral axial rotation and changes in Cobb angle and they also noted that Cobb angles remain constant during longitudinal growth, while stereography measurements are able to track this growth. More recently, Schulte et al. 20 investigated the reliability and accuracy of raster stereography compared to X-rays in a longitudinal study in idiopathic scoliosis ( Figure 2) . They analysed 16 patients with an average followup of 8 years (range of 3-10 years). They found that during follow-up Cobb angle increased by an average of 13° and that progression of lateral vertebral deviation was greater in radiographs than the Cobb angle and lower in raster-stereographs.
A study conducted by Cheriet et al. 21 described using the InSpeck to create an internal and external 3D structure. They concluded that the effects of the data uncertain from the InSpeck are too great and that it is an unreliable method of tracking scoliosis progression. Most recently, Clin et al. 22 conducted a study that included gravitational forces in a finite element model of the scoliotic spine assess with the InSpeck system. They concluded that they had created a realistic way to integrate gravity in a scoliotic trunk finite element model able to compute the stresses due to gravity, which will be useful for biomechanical modelling studies of scoliosis.
There were several more studies done by Thometz 23 made use of the Quantec system as a means of measuring kyphosis and lordosis in the sagittal plane. They found that Quantec overestimates the value of kyphosis and underestimates the value of lordosis compared to X-rays, which could be explained by the two techniques measuring different parameters. Thometz et al. 24 assessed the axial rotation in 149 patients, comparing the results between different measurement systems including the Moiré technique, Raster stereophotography, Perdriolle technique and Quantec system. They concluded that Quantec reduces the variability in measurements of axial surface rotation in the thoracic region. Liu et al. 25 strived to produce a functional classification of spinal deformity in patients with mild idiopathic scoliosis with using X-rays. They found that it is possible to produce a quantitative assessment of mild spine deformity with 3D parameters and no radiography. Thometz et al. 26 analysed 140 patients to determine the correlation between Cobb angle and Q-angle (Figures 3 and 4) . They found that there was a correlation between these two angles with smaller curves with minimal rotation and that overall the Q-angle generated lower values than the Cobb angle. Sakka et al. 27 had conducted a similar study correlating the Cobb angle with the Q-angle and found that the angles were correlated with an r 2 value of 0.801. They analysed 202 curves and found that Quantec overestimated 119 curves and underestimated 83 curves. This same group also produced a 3-year follow-up study 5 concluding that after 3 years the patients had a mean Cobb angle of 21.2° and Q-angle of 22.9°, indicating their similarities. Another study conducted by Thometz et al. 28 measured the Quantec system sensitivity to changes in the 3D trunk position. They concluded that there was a need to constrain trunk position to assure reliable measurements because postural sway in the transverse plane is critical to accurately estimate the coronal plane deformity.
Tessakov et al. 29 examined 162 patients and concluded that the Formetric system provides an objective estimation of back shape, more precision orientation in the development of scoliosis and produces concrete data on anatomo-biomechanical characteristics of the spine. They concluded that the Formetric system makes it possible to diagnosis, track and predict the progression of scoliosis. Hackenberg et al. produced two manuscripts on the Formetric system ( Figure 5 ). Their first 30 was to determine the accuracy of the Formetric system analysis and spine reconstruction in idiopathic scoliosis treated by posterior correction and fusion. They concluded that the Formetric system is reliable in scoliosis up to 90° after posterior correction and that the system can be used post-operatively to reduce the number of X-rays needed. It also produces an objective quantification of post-operative improvement in cosmetic abnormality of back shape. Their second article 31 was very similar, only differing in instead looking at patients who were anteriorly corrected with fusion. They found that the Formetric system was satisfactorily accurate in patients with Cobb angles between 50 and 88°, precision was good, and can be used for post-operative follow-up exams.
Zubovic et al. 9 released the first manuscript confirming that ISIS 2 3D back shape measurements are valid for assessment and followup in patients with scoliosis. They concluded that ISIS 2 scans had excellent repeatability and found no statistically significant differences between ISIS 2 scans and X-rays in 111 patients. Also, Berryman et al. 10 showed that this system had many advantages over the ISIS 1 and that lateral asymmetry is most likely the most important parameter for spine surgeons because of its correlation to Cobb angle and the ISIS 2 has good correlation with this parameter.
A dummy cast (plastic cast) of one patient with adolescent idiopathic scoliosis was used to test the reliability of the MTS 11 . The dummy cast was positioned and rotated in 3D while scanned by two investigators using the MTS (Figure 6 ). A total of 12 parameters including Q-angle (an analogue to X-ray's Cobb angle) were extracted. All measurements of intrarater and inter-rater reliability were excellent (Intraclass Correlation Coefficients ranging from 0.89 to 0.99) with the exception of Pelvic Tilt (Intraclass Correlation Coefficient (ICC) is 0.61) and lordosis angle (inter-rater ICC is 0.82). No significant variability among investigators was observed for all tested metrics. No significant variability due to position was observed for the majority of back contour measurements; however, there were significant changes in the T1-S1 angle, T1-S1 deviation, T1-NC angle, T1-NC deviation and Back Height metric (p < 0.05). In another study 32 , 10 typically developing subjects were measured with the MTS. Two investigators separately scanned the same subjects multiple times, yielding a total of four scans per subject per investigator. 
Conclusion
The common advantages of all surface topographic system are as follows:
• They do not use radiation.
• There are some correlations between radiographic Cobb angles and topographically measured angles.
• They provide an objective record of contours for longitudinal review and tracking.
• Most have automated digitisation.
However, each system also displays the disadvantages that we summarise in Table 1 .
Each topographic system has its own pros and cons for measuring Table 1 The disadvantages of each surface topographic system.
Systems Disadvantage
Licensee the 3D back contours. The various systems have been developed and applied in the clinical and research areas most appropriate depending on cost, feasibility, accessibility and goal of measurement. Many clinics lack the use of these topographic systems; therefore, we need to make an effort to gain more widespread use of these systems in clinical settings. There is still a lack of consensus on forming a standard protocol for monitoring the progression of spinal curvature using topographic systems. Nevertheless, a topographic system can be considered as an alternative to the use of X-rays in the evaluation of the children with mild idiopathic scoliosis.
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